The Amazon region has a great diversity of landscapes such as forests galleries, natural fields ("Cerrados Amazônicos"), dense forest, these environments made possible the formation of a broad class of soils over time. The aim of this study was to evaluate the physical and chemical properties of soils in different physiographic environments in southern Amazonas, Brazil. Three areas of representative physiographies were selected, all of them in natural conditions: natural field / forest and floodplain / dry land transitions, and corrugated relief areas. Soil samples were collected in layers of 0.0 to 0.20 and 0.80-1.0 m. From the samples collected the following physical analyzes were performed: particle size, bulk density, particle density, total porosity and saturated hydraulic conductivity; and chemical: exchangeable calcium, magnesium, aluminum and potassium available, phosphorus, potential acidity, pH and organic carbon. Based on the results of chemical analysis were calculated the sum of bases and base saturation. The results were submitted to multivariate statistics analysis, at the discretion of the principal component analysis (PCA). From the results it is clear that different physiographic environments studied influence the formation of different soil classes, featuring the diversity of Amazonian soils. The PCA allowed the distinction and formation of different similarity groups, thus enabling to relate the physical and chemical properties with the physiographic formation in which they are inserted.
INTRODUÇÃO
Soil types and their properties are results of interactions between formation factors and soil processes (JENNY, 1941; SIMONSON, 1959) . Considering the internal spatial and temporal variability of these factors and processes, infinite types of soils with different properties can be formed. Studies have shown that topography is one of the most important factors influencing soils formation, especially in a regional level (WANG et al., 2009 ) and its effects are more pronounced on young soils (SEIBERT et al., 2007) .
The Amazon region presents a wide diversity of landscapes such as gallery forests, natural fields ("Cerrados Amazônicos"), dense forest, corrugated and gently corrugated relief, generating environments which allowed the formation of many soil classes of over time (CAMPOS et al., 2012a) . One of the main characteristics of Amazonian soils is their chemical properties, mostly poor and with low natural fertility (with exception of Archaeological Dark Earths (ADEs).
On the other hand, the different reliefs, landscape forms, intensity and duration of the pedological processes and the source material characteristic determines the type and the distribution of the soil in the landscapes (WYECKI et al., 2005; MEIRELES et al., 2012) , according to a logic related to the geomorphogenic and pedogenetic processes. Thus, understanding the relationship between "soil-landscape", a spatial pattern distribution of soil attributes and their dependence relationships with relief arrangement can be found, however, climatic conditions, geological features and hydrological aspects are fundamental to understanding these relationships 1100 Physical and chemical… NASCIMENTO, W. B. et al. (CAMPOS et al., 2011) . According to Samouëlian & Cornu (2008) , the soil-landscape relations allow the analysis of these factors together, favoring a better geomorphic and landscape evolution processes understanding. Studies developed by Martins et al. (2006) ; Campos et al. (2012a) ; Alho et al. (2014) and Alho et al. (2016) in native field environments "Campos de Puciari -Humaitá" in transition with forests, allow a general understanding of landscape variations in soil classes and the direct influence on physical and chemical attributes, as well as how the landscape associated with water movement, condition the soils in different classes, thus justifying the great variability found in these environments and in the Amazonian region. Another important physiographic environment found is the floodplain / dry land transitions, the floodplain are the areas that border the "muddy water" rivers, rich in suspended material and subject to seasonal flooding; while the dry land areas do not suffer flooding and are formed by tertiary sediments (CAMPOS et al., 2012b) . As a rule, floodplains are fertilized by their continuous process from the deposition of allochthonous sediments (Andean) giving them greater natural fertility (CAMPOS et al. 2013) .
In addition Campos et al. (2011) emphasizes that in this part of the Amazon it is common to find environments with soils in gently wavy to corrugated relief with different characteristics of the environments initially mentioned, the presence of granite and the variations of the relief favored the presence of dystrophic soils at the top Rhodic Ferralsol and eutrophic soils Typic Hapludox at the transport base.
In this way the different forms of representative landscapes in Amazonian region, such as the natural fields ("Cerrado"), floodplain / dry land transitions and other regions, present different soil classes, which, unfortunately, doesn't have much studies to correlate with the different landscapes, compromising the proper use and exploitation of these soils productive potential, as well as, managing them in a correct way reducing the degradation of these environments by disorganized agricultural and forestry practices. It's worth to mention that this part of the Amazon is inserted in the so-called "Deforestation Arc", (a stretch that stretches from Maranhão to Rondônia), an area where landscapes are being destroyed and soils lose their productive potential from a physical and chemical point of view, for the logging, opening of areas for agriculture or pasture for livestock, where forest burning is the most used process for deforestation (COHEN et al., 2007) .
Thus, the objective of this study was to evaluate the physical and chemical attributes of soils under different physiographic environments in the southern Amazonas.
MATERIAL AND METHODS

Physical Environment Characterization
Three areas with southern Amazonas region representative physiographies were selected, all of them under natural conditions, according to the map presented ( Figure 1 ). The profiles sampled in the natural field environments "Campos de Puciari -Humaitá" are located in the 54 th Army Jungle Infantry Battalion and are characterized by field units separated from each other by forested areas or even cerrado, whose contacts are not always gradual, being settled on undifferentiated alluviums, which are chronologically derived from the Holocene. The sediments of this formation are derived from two sedimentation cycles: a) lower sandy banks, which represent pluvial-fluvial sedimentation and; b) upper clay sediments, indicating lacustrine sedimentation (BRAUN; RAMOS, 1959) .
The areas in floodplain / dry land environments are located in the Humaitá National Forest, with approximately 468.79 hectares, the first area borders muddy water rivers, rich in suspended material and subject to seasonal flooding, while the second is not flooded and is formed from tertiary sediments. This area is under domain of transition between present Holocene and alluvial sediments of the Solimões formation, from Middle PlioceneUpper Pleistocene, with materials from continental, fluvial and lacustrine depositions (BRAZIL, 1978) .
The other studied profiles are located in the community of Santo Antônio do Matupí, on BR 230 -Transamazônica, municipality of Manicoré, Amazonas. They are located on Rondonian Granites characterized by the presence of granites, muscovite, biotite, adamelites and granodiorites of intrusive cratogenic origin, in the form of "stocks" and batholiths (BRAZIL, 1978) .
The studied areas are located in the same climatic zone, according to Köppen, belonging to group A (Tropical Rainy Weather) and climatic type Am (monsoon rainfall), presenting a short dry period duration. The average annual rainfall is limited by the isoetes of 2,250 and 2,750 mm, with a rainy period beginning in October and extending through June. Average annual temperatures range from 25 to 27 °C and the relative moisture between 85 and 90%.
Field and laboratory methodology
Twelve representative profiles of the studied environments were selected, four in each environment (Table 1) . Twenty lateral samples were collected from the representative profiles. The criterion of choice of depths was the coincidence with the superficial and subsurface diagnostic horizons, respectively the layers of 0.0-0.20 m and 0.80-1.0 m.
For the soils in floodplain / dry land sequence, the samples were collected on the three geomorphic surfaces established, according to the following description: Geomorphic surface I: top; Geomorphic surface II: upper third; Geomorphic surface III: high deposition foothill and low deposition foothill. In the natural field / forest transition area, the samples were collected by pedoenvironments: higher field; lower field; ecotone zone and forest. In the transitions under corrugated relief, samples were collected in the different segments of identified slopes: higher top; half slope; transport foothill and lower top. Soils were classified according to Embrapa (2013) and Soil Taxonomy (SOIL SURVEY STAFF, 2010). The particle size analysis (silt, clay and sand) was performed by the pipette method, using 0.1 NaOH mol L-1 solution as a chemical dispersant and mechanical stirring in low speed apparatus for 16 h using a soil dispersion mixer Wagner type. The clay fraction was separated by sedimentation, the coarse and fine sand by sieving and silt calculated by difference (DONAGEMA et al., 2017) .
Undisturbed structure samples were collected in soil core, with mean content of 98.36 cm³, in the depth of 0.0 -0.20 m. The samples were prepared by removing the excess soil from its ends, then saturated by raising a water slide in an aluminum tray until it reached 2/3 of the height of the soil core.
The total porosity was obtained by the saturation method, in which the relation between the saturation moisture and the respective soil volume represents the total porosity. The soil density was determined from undisturbed samples using volumetric rings collected in the horizons, obtained by the soil mass ratio in the drying oven at 105 ° C and the ring volume according to Donagema et al. (2017) methodology.
And the particle density determined by the volumetric flask method, according to the methodology described by Flint & Flint (2002) . The saturated hydraulic conductivity (Ksat) was determined from the constant loading method as described by Donagema et al. (2017) , and calculated according to Darcy's law and expressed in cm h -1 . The pH was determined potentiometrically using 1: 2.5 ratio of soil: in water and KCl. Exchangeable calcium, magnesium and aluminum were extracted by KCl 1 mol L -1 and the potential acidity (H + Al) extracted with buffered calcium acetate solution at pH 7.0. Potassium and phosphorus were extracted with Mehlich-1 solution (DONAGEMA et al., 2017) . Based on the results of the chemical analyzes, the sum of bases (SB), cation exchange capacity (CEC) and base saturation (V%) were calculated. The organic carbon (OC) was determined by the wet oxidation method, by external heating (YEOMANS; BREMNER, 1988) .
The data were submitted to the principal component analysis (PCA), aiming to summarize the values obtained from the studied attributes of the different environments. In this way, the initial set of 18 variables was characterized by two new latent variables (PC1 and PC2), which allowed its location in two-dimensional figures (ordering of accesses by principal components). The adequacy of this analysis is verified by the total information of the original variables, retained in the principal components that show eigenvalues greater than unity, or lower eigenvalues without relevant information. All multivariate statistical analyzes were processed in STATISTICA software version 7.0 (STATSOFT, 2004) .
RESULTS AND DISCUSSION
Physical attributes
In relation to the sampled profiles, for the granulometric fractions in the different physiographic environments, the dominance of silt fraction was observed in almost all the profiles (Table 2 ). In natural field / forest transition environments this behavior of silt dominance is common due to the alluvial nature of the sediments that compose the source material Brazil (1978), similar results were also obtained by Martins et al. (2006) and Campos et al. (2011) studying natural fields. It was observed that the clay content tends to increase from the high relief to floodplain / dry land physiographies. According to Lima et al. (2006) , this behavior can be attributed to the recent sedimentary nature, since the soils of these environments are closely related to the source material, quantity of sediments from the Andean and sub-Andean regions, transported by the rivers and deposited in the alluvial plain. Campos et al. (2012b) ; Campos et al. (2013) ; Alho et al. (2014) and Alho et al. (2016) studying floodplain / dry land environments and natural field / forest transitions also found high levels of silt in these environments, thus indicating the sedimentary nature of these soils, what commonly occur in these environments.
The silt/clay ratio is commonly used as an auxiliary index to indicate the degree of soil weathering, so the higher the value of this ratio, the less weathered the soil (JACOMINE, 2005) . The silt / clay ratio in the studied profiles presented high values in the Inceptisols and Entisols, indicating their less degree of weathering. This relationship in the Oxisols and Ultisols was very low, thus characterizing the higher degree of weathering of these soils, being therefore strongly related to its location in the physiographic landscape and geoenvironmental characteristics that favored the weathering process of these soils according to the time, cause the high precipitations and temperatures of this region favor the greater weathering of these soils, corroborating with Santos et al. (2012) who studied a transition under alluvial terraces in the region of the middle Madeira River.
The bulk density (BD) presented similar behavior in the studied physiographies, always being superior in the subsurface layer ( in subsurface. The Inceptisols in the natural field / forest physiography presented the highest BD indexes, being this factor not associated to the possible stage of soil compaction, but to the density increase that occurs due to the processes of clay eluviation to the subsurface layers, these results corroborate with Campos et al. Al. (2010) ; Campos et al. (2011) and Mantovanelli et al. (2015) which studied natural fields and geomorphic surfaces in the southern Amazonas region. The total porosity presented differences in both surface and subsurface layers, showing high values in the natural field / forest and floolplain / dry land (Table 2) , also coinciding in environments with higher organic matter content, thus corroborating with results obtained by Campos et al. (2011) who studied soils in the Manicoré region, AM. , showing reduction with the depth increase, which may be related to the process of clay accumulation in deeper horizons, common in these soils. For the Inceptisols, the values ranged from 0.05 to 1.05 cm h -1 , the highest values being favored by the silt texture.
Chemical Attributes
The pH values (H2O) in all physiographic environments showed a similar trend ranging from 2.4 to 5.2, with these indexes being higher in natural field / forest and corrugated relief environments. In this sense all pH values are considered low, indicating greater limitations to the agricultural crop as Farjado et al. (2009) and Campos et al. (2013) emphasizes, thus reflecting the natural condition of acid Amazonian soils.
The TOC contents were more expressive in the floodplain / dry land physiography, especially in the Entisols classes. High carbon values were found in the first soil layers (0.0-0.2 m) ranging from 24.97 to 89.92 g kg -1
. Although there was reduction with the depth increase (19.40 to 18.45 g / kg-1). Longo & Espíndola (2000) and Magalhães et al. (2013) observed that the occurrence of the most pronounced reduction of the superficial layer to the subsurface is normal or expected, since it is related to the greater surface deposition of vegetal and animal residues, as well as the superficial nature of the roots in the floodplain areas. In relation to the Entisols, Portugal (2009) explains that there is usually a delay in the process of decomposition of organic matter during a period of the year, due to the seasonal floods, justifying the low levels of carbon in depth.
The exchangeable Ca . The higher relative contents of Ca found in this environment are favored directly by the richness of the sedimented material and the richness of the material that favors its deposition (Campos et al., 2010) . The exchangeable Al 3+ contents were more expressive in natural field / forest and floodplain / dry land environments, as observed in the Entisols (Gleysols) and Entisols, being these associated with the higher O.C contents. On the other hand, phosphorus levels (P) ( Table 2) were more expressive in floodplain / dry land physiography, especially in the Entisol 0.0-0.20 m layer, with values ranging from 11.19 to 19.70 mg kg -1
. Lima et al. (2006) and Campos et al. (2013) find high levels of P in floodplain environments, associating these indexes with the topography that favors the deposition and accumulation of nutrients from the floods of the Madeira River, in this lower position of the landscape. The other physiographies presented low values of P, being these disadvantaged by the high Al 3+ levels that occur in these environments, and due to the raised relief position that favors the leaching of this element in the landscape.
It was observed that the sum of bases (SB) was less expressive in the corrugated relief physiography when compared to the other environments, this fact is possibly due to the more stable position of this environment that conditions more leaching of exchangeable cations and variation in the contents of this component (CARRÉ & MCBRATNEY, 2005) . In the floodplain / dry land environment, this behavior is a contribution product coming from adjacent areas, as this is a geomorphic environment of materials deposition (CAMPOS et al. 2012b; CAMPOS et al. 2013) , as suggested by Park and Burt (2002) which highlight the topographic aspects as important indicators of soil properties variation at the local level.
The cation exchange capacity (CEC) in both studied layers in the different physiographies presented different behavior, with more expressive values in the floodplain / dry land. This high CTC behavior in floodplain environments is mainly due to the qualitie of the waters that flood these areas, since they are muddy waters, originating from Andean sediments, they provide these soils better chemical quality. Campos et al. (2010) and Magalhães et al. (2013) both studying floodplain environments found high CEC rates in these soils in Amazonian environments.
For base saturation (V%), it was verified that all the studied profiles presented values between 2% and 79%, thus evidencing the low fertility from the upper soils, with the high values presented in floodplains, justifying the soils fertility in these environments. These lower values confer the dystrophic character found frequently by authors studying Amazonian region soils (CAMPOS et al., 2012a; SANTOS et al., 2012; MARTINS et al., 2006) . Ca 2+ = calcium; Mg 2+ = magnesium; K + = potassium; P = phosphorus; Al 3+ = exchangeable aluminum; H + Al = potential acidity; SB = sum of bases; CEC = cation exchange capacity; V = base saturation; OC = organic carbon.
Principal Component Analysis -PCA
In order to evaluate the interaction between physical and chemical attributes with the studied physiographies profiles, the principal component analysis (PCA) was used (Figure 2) . The PCA confirmed the results presented for the characterization of profiles (Table 2 and Table 3 ). It was observed in the surface (Figure 2A ) and subsurface layers ( Figure 2B ) that the profiles were divided into three and four groups respectively, in other words, there was a similarity association among the studied environments, thus indicating the pattern of similarity between the different profiles studied.
The first group formed by the profiles P11 and P12 in the superficial layer (Figure 2A) , reflect the greater association with variables related to soil fertility, this pattern is due to the physiographic characteristics of these environments associated with Entisols, which condition the high soils fertility, being under the theory that the flood with waters of Andean origin and sediments give to these soils the greater deposition / retention of nutrients.
The second group formed by the profiles P1, P3, P5, P6, P7, P8 and P9, characterizes the similarity in the natural field / forest and the corrugated relief environments for the sand, Ksat and BD variables. In this group the Ksat and BD variables, associated to these environments reflect the higher soil wear degree in these sites, the slope topography favors the greater variation of soils hydraulic conductivity, leading to a higher percolation of water in its profile, while the high BD, is associated to the Natural Fields due to the high clay and silt contents that cause the densification due to pore clogging (Martins et al., 2006; Mantovanelli et al., 2015) . The third group formed by P2 and P4, reflect the high levels of silt and acidity in natural field / forest environments, 1106 Physical and chemical… NASCIMENTO, W. B. et al. which is a typical condition found for these environments.
In the subsurface layer ( Figure 2B ), it was observed that there was a distribution similar to the surface layer, with the exception of the formation of four groups, the highest expression being in relation to the environments of Field / Forest and Floodplain / Dry Lands in the sand, But this behavior does not condition marked expressions in the behavior of these environments.
In the subsurface layer ( Figure 2B ), it was observed that there was a distribution similar to the surface layer, with exception of four groups formation, with the highest expression being in relation to the natural field / forest and floodplain / dry land environments for the sand indexes, but this behavior does not condition marked expressions in these environments behavior. 
CONCLUSIONS
The different physiographies condition the soil physical and chemical attributes different characteristics, characterizing the great diversity of soils presented in the Amazonian region presents according to physiographic variations.
The principal component analysis allowed the grouping of similarity between the soils in the different studied environments, making possible to make inferences between the relationship between the environments and the soils.
RESUMO:
A região amazônica possui uma grande diversidade de paisagens, como galerias de florestas, campos naturais (Cerrados Amazônicos), floresta densa, possibilitando a formação de uma ampla classe de solos ao longo do tempo. O objetivo deste estudo foi investigar as propriedades físicas e químicas de solos em diferentes ambientes fisiográficos no sul do Amazonas, Brasil. Três áreas de fisiografias representativas foram selecionadas, todas em condições naturais: campo natural / floresta e transições de várzea / terra firme e áreas de relevo corrugado. Amostras de solo foram coletadas em camadas de 0,0 a 0,20 e 0,80-1,0 m. Das amostras coletadas foram realizadas as seguintes análises físicas: tamanho de partícula, densidade do solo, densidade de partículas, porosidade total e condutividade hidráulica saturada; e químico: cálcio trocável, magnésio, alumínio e potássio disponíveis, fósforo, acidez potencial, pH e carbono orgânico. Com base nos resultados da análise química foram calculados a soma das bases e saturação por bases. Os resultados foram submetidos à análise estatística multivariada, a critério da análise de componentes principais (PCA). A
